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ELECTROWINNING OF NEODYMIUM FROM A MOLTEN 
OXIDE-FLUORIDE ELECTROL VTE 

By D. K. Dysinger1 and J. E. Murphr 

ABSTRACT 

In this U.S. Bureau of Mines study, neodymium metal of 99.8 pct purity was prepared by electrolysis 
of Nd20 3 salts dissolved in a molten fluoride electrolyte. The metal was electrowon in a molten state 
at current efficiencies of 50 to 60 pct. Oxygen and carbon were the major impurities detected in the 
product. During operation of the small-scale laboratory cell, a number of technical problems including 
anode effect, low oxide solubility in the electrolyte, high neodymium metal solubility, reactivity of the 
metal with the cell materials, and back reaction of the metal with the anode gases were encountered. 
Approaches to improve cell operation and prospects for commercial adoption of the electrolytic 
production of neodymium metal are discussed. 

lChemical engineer. 
2SupelVisory physical scientist. 
Reno Research Center, U.S. Bureau of Mines, Reno, NY. 
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INTRODUCTION 

Permanent magnets made from Nd16F~6B8 show a large 
improvement in performance over the existing high-energy 
Sm-Co-based magnets. The raw materials for the Nd-Fe­
B magnets are also significantly less expensive and more 
plentiful than the Sm-Co materials. As a result, demand 
for neodymium should continue for the foreseeable future. 

In the 1960's and early 1970's, Morrice investigated the 
electrolytic preparation of neodymium metal from the 
oxide salt (1).3 The electrolysis was conducted in a ther­
mal gradient cell in which the metal was electrowon in a 
high-temperature zone and dripped from a molybdenum 
rod cathode. A thermal gradient was maintained between 
the top and bottom of the cell by cooling the cell bottom 
to 7500 C, which established a "salt skull" between the 
molten electrolyte and the graphite cell bottom. The tem­
perature of the top portion of the cell was maintained 
above the melting point of the metal, 1,0240 C, by alter­
nating current flowing between two anodes. Metal elec­
trowon in the hot zone dripped from the cathode rod and 
collected as nodules on the frozen skull avoiding contact 
with cell bottom, thus preventing reaction between the 
metal and the graphite cell materials. The metal was sub­
sequently recovered by cooling and crushing the cell 

contents and handpicking the nodules from the crushed 
salt. Morrice concluded that the thermal gradient cell was 
required for successful electrolysis of neodymium. 

Subsequent to Morrice's work, other researchers have 
investigated electrolysis from chloride (2) and fluoride­
oxide electrolytes to produce neodymium metal (3-4). 
Ohashi of SEC Co. described a cell for commercial elec­
trolysis of Nd20 3 in a fluoride electrolyte similar to 
Shedd's (3, 5). Tamamura reported on commercial 
produc-tion of Nd-Fe alloys by electrolysis of NdF3 (4). 

The present work was undertaken to demonstrate the 
viability of collecting the dripped neodymium metal as a 
molten product on a hearth in the cell bottom. The mol­
ten neodymium metal could be recovered from the cell 
by tapping or siphoning, as would be done industrially. 
Similar systems for lanthanum, cerium, and misch metal 
have been demonstrated by previous U.S. Bureau of Mines 
researchers (5-7). 

The electrolytic production of neodymium metal is 
attractive for several reasons. A higher purity product may 
be possible than is presently produced by calciothermic 
reduction, Nd20 3 is cheaper and easier to prepare than the 
fluoride salt, and the process is continuous. 

CELL DESIGN 

The cells that were used in the early phase of the 
research were machined from electrolytic-grade graphite. 
A schematic of the graphite cell is illustrated in figure 1. 
The upper chamber of the cell was 5.25 in diam and 
2.375 in deep. Eight 0.75-in-diam graphite anodes ex­
tended into the cell from a refractory Si02 cover plate and 
were immersed 1.25 in. The cathode was a 0.125-in-diam 
tungsten rod that extended 2.5 in into the melt. Anode-to­
cat}lOde spacing was 1.375 in. The lower chamber of the 
cell contained a molybdenum receptacle in which the 
molten metal product was collected. 

The NdP3 was fed intermittently in 4-g batches into the 
graphite cells. The graphite material was not attacked by 
the fluoride electrolyte during melting, but was severely 
attacked by the bath during electrolysis, causing several 
problems. Carbon dust from the crucible collected on the 
bath surface causing short circuiting. Severe attack and 
penetration of the salt into the pores of the graphite cell 
walls required breaking of the crucible to recover the salt. 

Stainless steel was also tested as a cell material and 
proved to be superior in performance to graphite. The 
stainless steel cell was 4.75 in diam and 5 in deep with a 

3Italic numbers in parentheses refer to items in the list of references 
at the end of this report. Figure 1.-Electrolytlc cell overview schematic view. 



wall thickness of 0.15 in. In the test work with the stain­
less cell, the oxide was fed continuously. 

Since neodymium forms a low melting point alloy with 
stainless steel, contact between the container and the 
molten neodymium metal product, which dripped from the 
cathode and collected on the cell bottom, had to be 
avoided. Metal collection receptacles, formed from molyb­
denum sheet, were used to isolate the cell bottom from 
the product. 
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Anodes for the stainless cell were fabricated from 1/8-
in flat graphite plate and bolted to a stainless hanger 
bracket for suspension into the bath. The anodes were l­
in-wide strips and were immersed 1 to 2 in into the 
electrolyte. 

Molybdenum was also tested as a cell material but did 
not provide a measurable advantage over the lower cost 
stainless steel cell. 

FURNACE AND ANCILLARY EQUIPMENT 

A resistance furnace was used to heat the cell to the 
operating temperature. The heating elements were four 
SiC rods. Power was supplied by a 220-V variac with a 
maximum power output of 5 kW. The furnace was lined 
with refractory brick and was housed in a copper sheet 
casing that was placed inside an inert atmosphere glove 
chamber to prevent oxidation of the cell materials. The 
copper casing was water cooled to control the inside tem­
perature of the glove chamber. The furnace power was 
interlocked with the cooling water to shut the furnace 
down if water flow was interrupted. 

A powder feeder constructed from 304 stainless steel 
was used to continuously feed the sparingly soluble Nd20 3• 

An open hopper held the oxide, which was transported 
from the hopper by a 3/8-in-diam wood auger through an 
8.5-in-long barrel to the cell. The feeder was continuously 
vibrated to prevent caking and bridging of the fine oxide 
powder. The auger speed was controlled by a variable­
speed motor and control unit. 

EXPERIMENTAL RESULTS 

OXIDE SOLUBILITY 

A series of experiments was conducted to assess the 
solubility of Nd20 3 in the fluoride electrolyte. The elec­
trolytes were composed of NdF3, ranging from 5 to 20 mol 
pct, combined with a mixture of LiF-CaP2 at 8:2 mole 
ratio. Sixty-gram samples of the electrolyte, mixed with 
6 g Nd20 3, were placed in a l-in-diam graphite crucible. 
The samples were heated to 1,0300 C for 1 h. A l/4-in­
diam graphite tube with a 1/8-in internal tapered bore was 
used to sample the molten electrolyte. The graphite sam­
ple tube was inserted approximately 1/4 in into the molten 
salt, a slight vacuum was applied, and a sample was drawn 
into the tube where the salt froze. The sample was then 
analyzed for oxygen by vacuum fusion. The results are 
presented in figure 2. 

The oxygen analysis indicates that Nd20 3 solubility 
is approximately 3 wt pct in a salt mixture containing 
5 mol pct NdF3, and increases to 3.9 wt pct in a mixture 
containing 20 mol pct NdF3• These values are in general 
agreement with previous work on rare earth oxide solu­
bilities in molten fluoride electrolytes (8). 

CELL OPERATION DURING BATCH FEEDING 

During initial experiments, Nd20 3 was batch fed to 
the cell with a ladle, which held approximately 4 g. The 

frequency of addition was varied to provide sufficient 
oxide, assuming l00-pct current efficiency, to operate the 
cell at anodic current densities up to 2.0 A/cm2. 

The operational data for a representative cell utilizing 
batch oxide feed are presented in table 1. 

The composition of the electrolyte was, in mole pel'cent, 
NdF3, 10; LiF, 72; and CaF2, 18. In a typical experiment, 
electrolysis was conducted at 1,0500 C for 160 A· h. The 
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Figure 2.-Measured solubility of Nd20 3 In Nd-Ll-Ca fluoride 
electrolyte. 
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neodymium metal was recovered as a consolidated chunk 
of metal assaying 99.8 pct Nd metal. Typical analyses of 
neodymium metal produced are shown in table 2. The 
impurities are within acceptable limits for magnet use. 
The major impurities, in weight percent, were carbon, 0.08; 
oxygen, 0.02; and iron, 0.1. 

Table 1.-Operatlng data for electrolytic cell during batch 
feeding of Ndz0 3 

Operating temperature. . . . . . . . . . . • • . . . . .. ·C.. 1,030 
Anodic surface area ....•....... . . • . . . •. cm2 •• 91.2 
Anodic ourrent density •...•.•.. . . . . . •. A/cm2

•• 0.30 
Cathodio surfaoe area .....•............ om2

•• 2.5 
Cathodio current density ....•..••..... A/om2 •• 10.97 
Electrolysis. . . • . . • • . . • . . . • . . . . • . . . . . .. A·h.. 124.0 
Nd20 3 feed ...........•............ total 9 . . 354.0 
Mean feed rate .•....•...•.•.•........ g/min • . 1.3 
Theoretioal current .........•..... ; ..•... , A.. 37.35 
Mean ourrent ........................... A.. 27.37 
Neodymium metal reoovered ............... g.. 117.0 
Current effioienoy ..•...•................ pet. . 52.7 
Oxide utilization . . . . . • . . . . . . . . . . . . . . . . . . pct. . 38.6 

Table 2.-Analys's of neodymium metal produced 
during continuous Ndz0 3 feed experiment 

Element pot 

Neodymium . . . . • • . . . . • . • . . . . • . . . . 99.8 
Iron .............••............. .1 
Carbon .....•.....•............. .08 
Oxygen. . . . . . . ... ........ . .....• .02 

The effect of oxide addition rate on sustainable cur­
rent density is shown in figure 3. The maximum sustain­
able current density was determined by adjusting the cell 

2.5 ,.----,---y---.,...----,----,---.,------, 
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NdP3 FEED RATE, g/min 

Figure 3.-Actuai and theoretical current density versus Ndz0 3 
feed rate during batch feeding. 

voltage to the highest level without inducing anode effeet 
where the cell current would drop to zero (see discussion 
under the "Fluoride Electrolysis" section). The lower line 
on the figure is a fitted line for the experimental data, and 
the upper line is the theoretical current density expected 
atloo-pct oxide utilization and lOO-pct current efficiency. 
Figure 3 shows that the sustainable current density, under 
batch feed conditions, was limited to a maximum of ap­
proximately 0.6 A/cm2• At batch addition rates above 
roughly 0.75 g/min, the theoretical and actual current den­
sity diverge, indicating a buildup of undissolved oxide in 
the cell bottom. The data indicate that long-term cell 
operation may be possible by limiting the current density 
to approximately 0.1 to 0.15 A/cm2• 

Figure 4 is a plot of actual and theoretical cumulative 
ampere hours as a function of cumulative Nd20 3 fed. The 
theoretical ampere hours are defined as the ampere hours 
expected at loo-pct current efficiency and loo-pet oxide 
utilization. Figure 4 provides a perspective on the ac­
cumulation of undissolved NdP3 in the cell. When the 
cell current efficiency is taken into account, overall oxide 
utilization was 38.6 pct. The tail on the right end of the 
experimental line in figure 4 shows that electrolysis was 
continued after feeding was stopped. The cell operation 
during this period was erratic, and the sustainable cell 
current decreased continuously as the available oxide in 
the cell was consumed. 

At cell current density above approximately 0.3 A/cm2, 

the cell operation tended to be fairly erratic. Anode effect 
occurred suddenly and constant adjustment of the cell 
voltage was required. The heavy oxide, with a specific 
gravity of 7.4, settled rapidly to the cell bottom in the bath, 
which has a specific gravity of approximately 2.8. Once on 
the cell bottom, dissolution was apparently very slow. 
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Figure 4.-Actual and theoretical cumulative ampere hours 
versus cumulative grams of Ndz0 3 fed during batch feeding. 
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CELL OPERATION DURING CONTINUOUS 
FEEDING 

To operate at higher current density and current ef­
ficiency and to alleviate the buildup of undissolved oxide 
in the cell bottom, a feeder was designed and constructed 
to feed continuously at a controlled rate. Continuous 
feeding increased sustainable anodic current density, in­
creased current efficiency, and dramatically improved the 
overall operation of the cell. 

The theoretical sustainable anodic current density, 
assuming 1oo-pct oxide utilization and 1oo-pct current 
efficiency, was calculated for continuous feed rates from 
0.5 to 1.6 g of NdP3/min. The actual sustainable current 
density ranged from 0.27 to 1 A/ cmz and is shown as a 
function of the calculated theoretical current density in 
figure 5. The solid line represents the theoretical and the 
points represent the experimental results. 

The experimental current densities shown in figure 5 
were the maximum sustainable current densities. At­
tempting to increase current density by increasing the cell 
voltage 'resulted in anode polarization and cessation of the 
electrolysis. As shown, the sustainable current density and 
calculated current densities were highly correlated. 

CURRENT EFFICIENCY 

Cell current efficiency was found to be related to the 
linear spacing between the anodes and cathode. Anode­
cathode spacings (ACS) of 0.625, 0.75, 1.25, 1.375, and 
2.0 in were tested. The effect of ACS is illustrated on 
figure 6. The data indicate over a 25-pct improvement in 
cell current efficiency is obtained by increasing the ACS 
from 0.625 to 1.25 in. Little improvement in current 
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Figure 5.--Actual and theoretical current density during con­
tinuous feeding. 
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efficiency is indicated by increasing the ACS from 1.25 to 
2.0 in. 

FLUORIDE ELECTROLYSIS 

Initial test work also included electrolysis of the fluo­
ride salt. Although NdF3 is more difficult and expensive 
to prepare, the high solubility of the fluoride electrolyte is 
attractive because of the problems associated with the low 
oxide solubility. 

The graphite cell described earlier was used for these 
experiments. The cathode was a 7- by 0.125-in-diam tung­
sten rod and the cell operating temperature was main­
tained at 1,030° C, 6° C above the melting point of neo­
dymium. Initial tests were performed using a 20 mol pct 
NdF3-80 mol pct LiF eutectic bath having a melting point 
of approximately 720° C, but no coalesced metal was re­
covered. A series of tests was conducted in which the bath 
was spiked with neodymium metal in an attempt to induce 
coalescence of the electrowon metal. A net loss of metal 
to the bath was experienced indicating a significant 
solubility of the metal in the bath. 

High-purity neodymium was eleetrowon from an elec­
trolyte mixture containing 5 mol pct NdF3 and 95 mol pet 
LiF. The electrowon metal dripped from the cathode and 
coalesced into a pool in the cell bottom. The anodic cur­
rent density was 0.1 A/cm2 and current efficiency was 
33 pct. The metal button assayed 0.08 wt pct C. 

In these experiments, the anode reaction was· rate 
limiting. At anodic current densities above approximately 
0.1 A/cmz, complete polarization of the anode occurred. 
Anode effect is a well-known phenomenon in electrolytic 
systems utilizing fluoride-based electrolytes (9). The as­
sumed anodic reaction in the fluoride system involves the 
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oxidation of carbon and the formation of tetrafluoro­
methane, CF4, A simplified reaction is 

4NdF3 + 3C -+ 4Nd + 3CF4(g) t . (A) 

Anode effect is attributed to the formation of an envelope 
of CF4 gas that formed on the anode surface. The anode 
ceased to be wetted by the electrolyte causing the current 
to drop near zero under constant voltage conditions. 
Limited current was reestablished by increasing the voltage 
but resulted in electrical arcs at the anode surface. Elec­
trolysis under these conditions resulted in anode spalllng 
into the bath and very low current efficiency. Once anode 
effect occurred, the applied voltage had to be reduced 
below deposition potential to reestablish electrolysis. 

COMPOSITE ANODES 

Composite anodes, an intimate mixture of carbon and 
Nd20 3, were investigated as an alternative approach for 
electrowinning neodymium metal~ It was anticipated that 
the composite anode would overcome the problem of low 
NdP3 solubility. Ashland Chemical A-240,4 a low soft­
ening point petroleum pitch binder, was selected as a 
binder for making the electrodes. 

The composite anodes were prepared as follows: A 
weighed quantity of A-240 binder was liquified in a 
250-mL alumina crucible at 200° C. The liquid binder and 
Ndz0 3 were blended into a homogenous mixture by stir­
ring using a stainless steel impeller. Sufficient Nd20 3 was 
added to ensure the desired residual carbon content was 
present in the finished anode. The binder and oxide 

mixture was allowed to cool and then placed in a hydraulic 
press. The mixture was pressed at 2,500 to 3,500 Ib/in2 

pressure and 1500 C for 4 h. The resultant green anode 
was a 1-in-diam by 15-in-Iong cylinder. The green anode 
was then fired, unsupported, in an argon atmosphere. The 
green anode was heated from ambient to 1,050° C at a 
rate of 2° to 30 C/min. The temperature was held at 
1,050° C for 4 h, after which the furnace was shut off and 
allowed to cool at a natural rate. The binder lost ap­
proximately 51 wt pct through volatilization. The resultant 
composite anode was structurally rigid and electrically 
conductive. In most anodes, visible, fine hairline cracks 
indicated the heating rate was too fast. 

The composite anode was clamped with a stainless steel 
holder and electrolyzed in a bath of 10 mol pct NdF3, 

81 mol pct LiF, and 9 mol pct CaF2• The bath tempera­
ture was maintained at 1,030° C and the cathode, a 1/8-in­
diam tungsten rod, was inserted into the bath from over­
head. A molybdenum receiver was located in the bottom 
of the graphite crucible for collection of electrowon metal. 

In tests using anodes of approximately 6 wt pct C, 
anode effect was not present at anodic current densities of 
1.25 A/cm2• The anodes, however, disintegrated after only 
5 to 8 A· h of electrolysis. 

Anodes containing approximately 10 to 24 pct C by 
weight were significantly more durable and held up well 
under electrolysis conditions. However, anode effect was 
experienced at relatively low current density. For example, 
sustainable current density decreased from 0.28 AI cm2 

using anodes containing 12 wt pet C to approximately 
0.15 A/cm2 at 24 wt pct C. 

DISCUSSION 

CURRENT EFFICIENCY 

Several possible mechanisms may have contributed to 
the low current efficiencies recorded in the experiments. 
The mechanisms include back reaction, dissolution and 
"fogging" of neodymium metal into the electrolyte either as 
a metallic solution or a metal "fog" (10), reduction of other 
bath components, and the small scale of the experimental 
cell. 

As shown by the data in figure 6, current efficiency was 
influenced by the separation between the anode and 
cathode, suggesting back reaction between electrowon 
metal and carbon oxide anode gases may have been 
occurring. The neodymium metal was electrowon near the 
bath surface and dripped from the cathode rod onto the 

4Reference to specific products does not imply endorsement by the 
U.S. Bureau of Mines. 

cell bottom. The proximity of the electrowinning zone to 
the rising gas bubbles increased the likelihood of gas-metal 
contact. Two possible reactions are as follows: 

2Nd + 3C02 + NdF3 -+ 3NdOF + 3CO (B) 

and (C) 

Back reaction between electrowon metal and anode gases 
has been experimentally demonstrated to be the primary 
mechanism of current inefficiency in the aluminum cell 
(11). X-ray diffraction analyses of the frozen salt from 
several experiments indicated that NdOF was the only 
oxygen-carrying compound in the frozen salt, suggesting 
back reaction would occur by reaction B. 

In situ generation of NdOF through back reaction in 
the cell between CO2 and neodymium metal would be ex­
pected to increase the maximum sustainable cell current by 



an amount equivalent to the rate of back reaction. 
However, a near~perfect correlation, illustrated in figure 5, 
was obtained between the theoretical current density, 
based on the oxide feed rate, and the actual sustainable 
cell current density. Attempts to "drive" the cell current 
above the sustainable levels shown on figure 5 resulted in 
anode effect. Cessation or simply slowing of the feed rate 
without decreasing the voltage also resulted in anode 
effect, usually within 1 to 2 min. Thus, the oxide gen~ 
erated in situ did not allow the cell to operate at higher 
current, as did an increase in fresh oxide feed rate. Back 
reaction has not been conclusively demonstrated at the 
present time and may not be the controlling mechanism. 

A second potential factor contributing to the relatively 
low current efficiency may be dissolution of neodymium 
metal into the electrolyte. Dissolved metal in the elec­
trolyte impacts current efficiency by decreasing the re­
coverable metal yield and potentially causes electronic 
conduction through the electrolyte. The evidence for 
metal dissolution is anecdotal and derived from the ap­
parent loss of metal "spiked" to the electrolyte prior to 
electrolysis of a 20 mol pct NdF3-80 mol pct LiF elec­
trolyte, the appearance of the frozen salt after electrol­
ysis, and the corrosion of the graphite cell wall during 
electrolysis. 

The mechanism by which the metal would dissolve in 
the fluoride electrolyte is not understood. One possibility 
is the formation of a "subfluoride" species similar to that 
observed for the other neodymium halides, which readily 
form subhalides in the chloride, bromide, and iodide salts 
(10, 12). The greater stability of NdF3 and the lack of 
identification of a subfluoride species make its existence 
appear doubtful. 

A similar explanation would be that the neodymium is 
present as a "fog" in the salt. The postexperiment frozen 
salt was separated into a top layer of clean electrolyte and 
a bottom layer of high-density salt consisting primarily of 
NdOF and electrolyte, identified by X-ray diffraction. 
Scanning electron microscopy showed neodymium metal 
distributed throughout the bottom layer in approximately 
10-,um blebs. 

Whether metal is dissolved or present in the salt as a 
"fog," the effect on current efficiency would be similar. 
The tendency for both problems may have been exac­
erbated by not cathodically protecting the electrowon 
metal product in the cell bottom. 

Although a buildup of metal in the electrolyte can be 
expected to cause electronic conduction, this was only 
overtly identifiable when the cell was operated at 1,080° C 
or higher. Electronic conduction as the controlling current 
carrying mechanism appeared to cease when the cell 
temperature was reduced to 1,050° C. 

A third potential contributing factor to reduced current 
efficiency is coreduction of lithium and calcium, in spite of 
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unfavorable thermodynamics. Some evidence of lithium 
production was noted by the collection of LizO on the 
furnace components above the electrolyte. 

Another potentially contributing, and possibly most im­
portant, factor is the small scale of the experimental cell, 
which may have magnified and aggravated the extent of all 
of the above mechanisms. Low current efficiency of lab­
oratory cells is common and widely reported in the liter­
ature for aluminum molten salt electrolysis experiments 
(13). 

The cause of the current inefficiency has not been 
determined with any certainty during the course of this 
investigation, and the mechanisms elucidated above are 
only potential causes. 

OXIDE UTILIZATION 

Another problem that warrants discussion is low oxide 
utilization in the cell. From the cell data shown in figures 
3 and 5, there were large differences in sustainable current 
densities between batch and continuous oxide feeding. 
Current density was limited to 0.5 A/cm2 with batch 
feeding of the oxide. Sustainable current density increased 
to 1.0 A/ cm2 during continuous feeding, which should be 
quite acceptable for an industrial cell operation. During 
continuous feeding, the oxide is introduced at a much 
lower instantaneous rate than during the slugging that 
occurs during batch feeding. The steady, even introductiOli 
of the oxide resulted in better contact between the oxide 
and electrolyte and improved cell performance. 

Even with continuous feeding, however, a portion of 
the oxide did not dissolve and settled to the cell bottom 
where it did not appear to dissolve at any appreciable rate. 
An industrial cell could not operate on a long-term basis 
with a buildup of undissolved oxide. Point feeding of the 
oxide is believed to have aggravated the problem in the 
experimental cell. Spreading the oxide evenly over the 
surface of the bath would maximize the contact with the 
electrolyte and maximize solubilization. 

An attempt was made to heat the oxide before adding 
it to the cell to improve the dissolution rate. However, 
the heated oxide became "gummy" and would not feed 
pl'Operly. As a result, preheating the oxide feed was not 
pursued. Intuitively, preheating the oxide would aid in the 
rate of dissolution since the solubility is directly depend­
ent on temperature. A commercial cell could be designed 
with an oxide dissolution chamber in which the oxide 
would be preheated and mixed with electrolyte before 
adding to the cell. 

The small scale of the experimental apparatus is be­
lieved to have aggravated the problem of oxide solubility. 
Since the oxide settles at a fIXed terminal velocity, a. 
deeper cell would allow proportionately more time for 
heating and dissolution than the shallow dimensions of the 
experimental cell. 
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In a large cell, neodymium would most likely be 
electrowon into a molten cathode pool at the cell bottom. 
It is possible the oxide would be reduced at the cathode. 
Such cathode reduction of undissolved species is known to 

occur (14). Electrowinning into a molten cathode of 
neodymium would also serve to keep the metal product 
cathodic and would separate the metal from the anode gas. 

CONCLUSIONS 

Electrowinning neodymium from Nd20 3 has potential 
as a low~col>t production process. Large-scale, continuous 
cell operation appears feasible despite the very high oper­
ating temperature and low oxide solubility. The metal 
produced during the relatively short-duration tests was 
99.8 pct, which is probably feasible on a larger scale. 
Other conclusions drawn from the study are as follows: 

1. The thermal gradient cell previously described by 
Morrice is not critical to neodymium electrowinning. 
Results similar to Morrice's (1) were obtained in this study 
with a smaller scale cell. The metal was electrowon in a 
molten state demonstrating the process can be continuous 
instead of the batch operation thought necessary by the 
earlier researchers. 

2. The low .oxide solubility and slow oxide dissolution 
rate are major problems of the process. Larger scale cells 
can be expected to be more efficient based on aluminum 
industry experience and work on other rare earth oxides. 
Considerations for improving the solubility and dissolution 
rates are 

a. Preheating of the oxide feed to increase the dis­
persion and dissolution characteristics of the oxide in the 
bath. 

b. Optimization of the electrolyte to improve the 
overall solubility. 

c. Development of a feeder system to introduce the 
oxide evenly over the bath surface. 

3. A cathodically protected pool of molten neodymium 
metal in the cell bottom is probably required to reduce 
the effect of metal redissolution and solubility in the elec­
trolyte. The molten metal cathode would be expected to 
reduce back reaction with the anode gases but must be 
isolated from graphite or other carbon components be­
cause of the formation of neodymium carbide. 

4. The results of this study show a relatively high cur­
rent density of 1 A/cm2 can be attained with no indication 
of reduced cell efficiency when compared to lower current 
density. As a basis for comparison, the current density 
of high-production aluminum cells is maintained near 
1 A/cm2

• 

5. Considering the fast settling velocity and slow dis­
solution rate of the oxide, deep insertion of the anodes 
into the bath may improve the oxide utilization. 

6. The electrolyte composition should be investigated 
for maximum oxide solubility and minimum neodymium 
solubility. 

7. The feasibility of electrowinning neodymium in 
a molten state at high current density has been 
demonstrated by the results of this study. However, a 
scaled-up cell must be operated for a reasonable time 
on a continuous basis to determine if the problems noted 
in this study will be manageable on a commercial-scale 
operation. 
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